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ABSTRACT

The Van Atta reflector was first described in a patent by Dr. L.C.

Van Atta in 1959. The advantage of this passivi reflector type should bc

that the reradiated field has a maximum back in the direction of arrival

of the primary plane wave. Since this retrodirective effect of the reflec-

tor mieht bo of great importance if used as a navirational aid in the air

or at sea, it h zed worth while to carry out a theoretical investication

of such reflectors, especially since only experinental investigations had

been made before this contract was initiated.

The work performed under the contract deals mainly with theoretical

and numerical investigations of Van Atta reflectors consisting of dipoles.

A survey of the literature concerning active or passive Van Atta reflectors

has been made. Both a linear and a two-dimensional plane Van Atta reflec-

tor has been investigated numerically and a theory for arbitrary Van Atta

reflectors has been developed. An experimental investigation of a linear

Van Atta reflector was carried out and the results compared with the theo-

retical results.



2U

TABLE OF CONTEIJTS

Abstract °°...,,.....,.....°,,...,,.... . ....... , 1
le Introduction ............. 6........................ ...... 3

2. Survey of literature ..... ..... .......................... 5
3. Theoretical investigation of arbitrary Van Atta arrays ... o 6

•. A linear Van Atta reflector consisting of four half-wave

dipoles ............................................... 8
5. Square Van Atta reflector with or without a conducting

plate ............................... 1.1

6. Bandwidth properties of the square Van Atta reflector oe.... 13
To Conclusion ......................... 15

8. Computer program o .............. .. .... 16

9. References ........... o.o..... ...................... ... 17T

Appendix 1 ................... ............................ 20

Figures



1. INTRODUCTIOY

The contract AF 61(052)-794 van running froa April l1, 1964 to June

30, 1967.

The objectives ol the contract were given as follows:

Carry out a theoretical investigation of the performance of a Van

Atta reflector andby electronic computer calculations, to find the radia-

tion patterns of a number of such reflectors with various characteristics.

It is expected that this would lead to a procedure for the design of a Van

Atta reflector with a prescribed radiation pattern. It is the intention

first to treat the linear and two-dimensional array, later the method of

investigation may be extended to include Van Atta ref3eators placed on cir-

cular cylinders and spheres. Further efforts will be xLade to supplement

the theoretical investigation by experiment.

In this final report a summary of all the work performed under the

contract is given. Scue related work carried out at this laboratory but

not paid by the contract is described, too.

First an Ptualytical investiCation of arbitrary Van Atta reflectors

was carried out. Each pair of antenna elements with connecting transmis-

sion lines was described by an equivalent circuit. Reradiation from the

elements and mutual interaction were taken into account. Next a theoreti-

cal investigation of a linear Van Atta reflector consisting of four paral-

lel half-wave dipoles was performed. The dipole elements were equispaced

and mutual impedances between the dipoles were taken into account. An

expression for the reflected field was set up by superposition of the thrce

fields involved. Further an analysis of the general shape of the reradia-

tion pattern was made neglecting the mutual impedances. This analysis

shoved that for some combirnations of the parameters involved the reflector

does not act as stated in the patent description of Van Atta reflectors.

An experimental investigation of the four element linear Van Atta

reflector was carried out in a radio-anechoic chamber. In agreement with

the theoretical investigation, the experiments showed that the reflector

only to a limited extent has the retrodirective effect stated in the patent

description and that it has a mirror effect to the sane extent as it has a:

retrodirective efrect.

Numerical investigations of a four element Van Atta reflector and ar.

optimization of the reflector with respect to the parameters involved was

carried out using an electronic computer. The reradiation pattern of the

reflector was optimized with the criterium that the minimum values of the
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back-scattered field intensities for all angles of incidence should be as

large as possible.

Finally a square Van Atta reflector consisting of half-wave dipoles

was investigated theoretically and numerically. The effect of mountinr

the dipoles above and parallel to a conducting plate was also examined.

The mutual iripedance between the dipole elements and the reradiation both

from the elements and from the plate was taken into account. All parame-

ters involved have been varied in a numerical analysis of the reflector.

The parameters are: the niber of dipole elements, the lenrth of the

dipoles, the length and characteristic impedance of the transmission lines,

the distance between the dipoles, and the distance fron the dipoles to the

conductinc plate. The effect of chancing the parameters is shown in curves

of the back-scattering cross section of the reflector as a function of the

variation of each of the parameters. The numerical results have been

compared with experimental results obtained by others.

The last work on the contract has been an investiration of the band-

width properties of a h by 4 element square Van Atta reflector consisting

of dipoles.



2. SURVEY OF LITERAIURE

Since Van Atts 1) in 1959 proposed his passive retrod•irective reflector
several papers have oug ted the use of this reflector type in various
a•u•nication srstems S mcue of the papers tend to give an analy-
tical treatment of the Van Atta reflector but nost of them neglect the
scattering by and coupling betveen the antenase 14mny of the papers
suggest active components inserted in the tranmuission lines of the reflec-
tore "uch an modulated ;base shifters 5), eipfiers 6) 10)q and mechanical
modulation by means of cavity resonators , It has been suggested to use
Van Atts reflectors for satellite omumnication and both passive, semla3-
sive and active systems have been p e 6) 15) 21) 22 Other appliae-
ticas axe for navigational aids, for ezeaple used to enhance the reflec-

3) 5) T) 10)tion fro rauartagetS. from lifeboats, and from aircraft A
more detailed discussion, of the literature concerning Van Atta reflectors
and their applications is given in Scientific Report No. 1 and by
AppSe3a3s5)en
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3. THEORETICAL IVEELSTIGATION OF

ARBITRARY VAN ATTA ARRAYS

A general treatment wich may be used for a number of different

investigations is described in Scientific Report No. 1 of the contract.

The configuration investigated is shown in fig. 1.' The elenents are sup-

posed to be dipoles, but the theory could easily be extended to other an-

tenna types. The dipoles arc placed on and parallel to an imaginary smooth

surface which may be f.ex. a plane, a cylinder or a sphere. The field

incident on the reflector is a plane wave.

The open circuit voltage induced at the terminals of each antenna

element by the primary plane wave is calculated. Using these voltages a

system of linear equations is developed for calculating the currents in each

antenna taking int6 account the mutual impedances, the characteristics of

the interconnecting transmission lines, and the induced voltage at the element

itself (giving the scattered field) and at its mate (giving the retrodirective

field).

When the currents are determined the reradiated field may be calculated.

For a reflector with all elements parallel this is done using the theory of

antenna arrays. Finally the properties of the reflector array are described

by calculation of the differential scattering cross section.

The mutual impedances of the dipoles are calculated using the induced
38)

E-F method as given in Jordan's book . Algol procedures for ccmputing

the mutual impedances between linear dipoles with sinusoidal current dintri-

butions and for arbitrary wire-antennas with a known current distribution

has been developed at this laboratory.

The transmission lines are represented by equivalent circuits of the

general x-circuit type. This type of equivalent circuit has been chosen

because it has the advantage of being valid for all lengths of the trans-

mission lines. It is assumed to be symmetrical and lossless.

Since both the induced voltages and the mutual impedances are complex

quantities the real matrix equation to be solved will be of the 21th order

where N is the total number of antenna elements. This means that it will be

almost necessary to use an electronic computer for solving the matrix equa-

tion numerically when reflectors with more than two elements are treated.

A simple numerical example of a four element Van Atta array with equi-

spa-:ed half-wave dipoles is given in SR 1 in order to illustrate the theory

developed. The numerical results indicate that a retrodirective effect as
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stated by Van Atta is obtained to some degree. However the results also

show that the mirror effect of the reflector is of the same order of magni-

tude as the retrodireotive effects The influence of the mutual impedanices

and of a misuatoh between the antenna elements and thc transmission lines

"mayr be utilized to change the reradiation pattern to compare better with a

prescribed form.



4. A LIl•EA. VANJ ATTA REFLECTOR

CONSISTING OF FOUR IUALF-WAVE DIPO!_S

A detailed investigation of a four element linear Van Atta reflector

consisting of half-wave dipoles was carried out and is described in Scien-

tific Report les. 2, 3, and 4 of the contract.

Fiz st an expression for the reflected field is developed considering

each dipole as a receiving and transmittinC antenna natched to its trans-

mission line. When a plane wave is incident on the reflector a current

distribution consisting of three different par+s will be generated in the

antenna elements. The first part is due to the enerey transmitted to the

antenna througra the transmission line from its mate. The second part is

the current induced in the antenna by the incident plane wave and the third

part is induced in the antenna due to its rautual interaction with the other

antennas of the reflector. Only the first part of the current distribution

is considered in Van Attats patent description, while the last two parts are

neglected.

In fig. 2 is shown the retrodirective effect of the reflector due to

the first part of the current distribution mentioned above. The second part

of the current distribution creates a mirror effect of the reflector which

whcn the dipoles are matched to the transmission lines is of thie same order

of magnitude as the retrodirective effect. This mirror effect which is

shown in fig. 3 is not mentioned in the patent description of the reflector.

It is shown that the leng-th of thie transLtisslon lines and the angle

of incidence has a Great influence on the reradiation, and for some values

of these two parameters the first and second part of the current in the

antennas are of opposite phase and they cancel each other so that the only

reflected energy is the small part due to the mutual interaction between the

elements* The length of the transmission lines at which the behaviour of

the reflector is as much as possible in accordance with the patent description

has been found but even this reflector has the mirror effect mentioned above.

Numerical analysis have been made with a 3pacing between the dipole

elex-entL of lialf a wavelength. It turns out that in most cases maximum

reflection is not back in the direction of incidence of the primary plane

wave, and that the mutual interaction between the dipoles causes asymme-

tries in the reradiation pattern. This means that it is possible to increase

the back-scattered energy by choosing a proper conbination of the distance

between the elements and the length of the transmission lines. The above
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mentioned investigations are described in Scientific Report No. 2.

In order to verify the theoretical results obtained,an experimental

investigation of a four element linear Van Atta reflector was carried out

in a radioanechoic box at the laboratory. This investigation is treated

in Scientific Report No. 3. The four half-wave dipoles of the experimental

reflector were slot fed dipoles with open-ended terminations. The length

of the connecting transmission lines could be changed by means of line-

stretchers thus examining the influence of the length of the lines or. the

reflecting properties of the reflector. The measurements were performed at

3.21 GHz as this frequency gives the best matching between each dipole and

the connected transmission line.

The Van Atta reflector was placed on a moveable pedestal in the center

of the anechoic box, and the measurements were based upon the principle of

interference between the signal reflected by the reflector and a reference

signal. Radiation patterns were measured in the plane normal to the axis

of the dipoles for descrete values of the angle of incidence of the primary

plane wave.

A good agreement between the experimental and theoretical results was

found. The measured results confirmed the theoretical results of Scientific

Report No. 2 and showed (1) that maximum reradiation is not always back in

the direction of incidence, (2) that the reflector has a mirror effect to

the same degree as it has a retrodirective effect, (3) that the reradiation

depends strongly upon the length of the transmission lines, and (4) that the

mutual impedances causes asymmetries in 'he radiation patterns.

As an extension of the theoretical analysis of the four element linear

Van Atta reflector an optimization of this reflector has been carried out,

the results of which is given in Scientific Report No. 2.

First the original expression for the reradiated field as derived in

Scientific Report No. 2 was changed to a more general form which makcs it

possible to study the influence of asyymetries in the location of the dipo .eL,

unequal lengths of the transmission lines, and a mismatch between the dipo-eF-

and the transmission lines. Further, a method was developed for computinc

a quantity which may be used as a measure of the deviation from the retro-

directive effect of the reflector. This quantity is shown to be just as

useful as the reradiation pattern itself when two different Van &tta refle':-

torn are to be compared.

A perfectly workinr retrodirective Van Atta reflector has not been

found. However, when mutual couplinir is neglected, a condition for the

smallest deviation from retrodirectivity has been derived. It is shown that

the mutual coupling between the dipoles usually causes the reradiation of

LJ
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the reflector to decrease and the deviation from retrodirectivity to increase.

However for certain values of the parameters involved it turns out that coupl-

inc. may increase the back-scatterinr up to 505 for come ancles of incidence.

The numerical optimization of the reradiation pattern of the four

element Van Atta reflector was carried out using a computational technique

starting with an a priori reasonable set of parameters selected by examininc

1600 lifferent reflectors. The parameters were then perturbed about their

initial values, the effect on the reradiation pattern was observed, and a new

set of parameters giving, an improved result was selected. "Mhe success of this

method depends on the correctness of the original set of parameters and the

computer program for perturbing the parameter values

An attempt was made to fulfil the following two criteria:

the minimum value of the back-scattered field intensity, as a function

of the anele of incidence, should be as large as possible and the

deviation from Van Atta effect as small as possible,

the minimum value of the back-scattered field intensity, as a function

of the angle of incidence, should be above various prescribed levels

and the deviation from Van Atta effect as small as possible.

For both optimization processes it turned out that the optimum value

of the spacing was close to 1.5 wavelengths. Further it was found that, due

to couplinG, the minimum value of the back-scattered field intensity may be

increased and the deviation from the retrodirective effect decreased if the

transmission lines are permitted to be of unequal lengths and asymmetries

are permitted in the location of the dipoles around the center of the reflec-

tor. However, the improvements are small and asymmetries often causes the

opposite effect.
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5 SQUARE VAN ATTA REFLECTORS

WITH OR WITIOUT A COIiDUCTING PLATE

Another configuration of the reflector array is the plane, square

Van Atta reflector consisting of parallel dipoles. The investigation of

this reflector is described in Scientific Report No. 5.

The theoretical investigation of this reflector has already been

described in Scientific Report No. 1. However, in order to be able to2)
compare the theory with experimental results obtained by Sharp the

effect of mounting the dipoles above and parallel to a conducting plate

has to be taken into account. The system investigated is shown in fig. 4.

The refle,--ting properties of the plate are supposed not to be in-

fluenced by the presence of the dipoles. The reflected field is found

using the method of physical optics as described f.ex. in Kerr's book

for a plate the dimensions of which are not small compared to the wave-

length.

The reradiatinG properties of the dipoles when the plate is present,

is calculated as if the plate was infinite in extent, using the theory of

images. The system of dip.oles may then be treated along the same lines W.

in Scientific Report No. 1, but the induced voltage, the mutual impedance' ,

and the determination of the field reradiated from the dipoles have to be

changed because of the image.

The induced voltage :Ls still found as described for an arbitrary

reflector in Scientific Report No. 1, but now the electromagnetic field

vector is changed in such a way that the distance from the dipoles to the

plate is involved, according to ordinary reflection theory.

The new values of self- and. mutual impedances are found using the nr:thod

of images, too.

By using the values of the induced voltages and the values of the s• lf-
and mutual impedances thus found, the system of equations (23) of Scientific

Report No. 1 will give the new values of the currents on the antenna eleme:nts

when the presence of the plate is taken into account.

After that the reradiation pattern from the dipole reflector itself

mounted in a distance Ii above the plate is calculated with the above-mentioned

currents on the dipoles. The final reradiation pattern of the dipoles is

found using the theory of antenna arrays on the array consisting of two paral-

lel Van Atta reflectors in free space with the distance 2h, where h is the
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distance between the dipoles and the plate.

The total field reradiated from the reflector system is found by

adding the field reradiated from the dipoles and the field reflected from

the conducting plate.

Using the above-mentioned theory a computer program has been developed

and the numerical results have been compared with results obtained by Sharp

fron experienrtal investigations of a 16 element square Van Atta reflector.

MTe computed back-scattering cross section shows a good agreement with the

results measured for the experimental reflector as shown in fig. 5.

FurthermoreP a series of computations has been performed in order to

examninc the changes in the back-scattering cross section due to changing of

the parameters of the reflector. The parameters are the number (N) of

elerents, the length (a) and characteristic impedance (Z ) of the trans-
0

mission lines, the distance (d) between adjacent dipole elements, and the

distance (h) from the elements to the plate.

The most important results obtained by this numerical investigation is:

(i) that the back-scattering cross section becomes larger if a

distance of 0.35 wavelengths from the dipoles to the plate is

used instead of 0.25 wavelengrthb as used by Sharp,

(2) that the shape of the curves of back-scattering becomes more

irregular when more elements are used in the reflector but the

level of back-scatterinG is increased,

(3) that the shape of the curves of back-scatterinr becomes more

smooth when a mismatch between the elements and the transmission

lines is introduced in such a way that the characteristic impe-

dance of the line is larner thaun the Self-impedance of the di.polC.

However, the ra4nitude of the back-scattered energy is then de-

creasing more rapidly for oblique directions of incidence,

(4) that for certain lengths of the transmission lines the back-

scattering in the direction normal to the reflector tends to zerc.

This is in accordance with the results obtained for the four

element linear reflector mentioned in section 4.
In Scientific Report J-o. 5 a rreat number of n~uerical results obtained

by the parameter variation is Given as curves of the back-scattering cross
sect ion.
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6. BANDWIDI)TI PPOPPTIES OF THE SQUARE

VAII ATTA REFLECTO01

The final work on the contract deals with a computation of tne band-

width properties of a 16 element square Van Atta reflector similar to the

experimental model used by Sharp.

Part of this work is an investigation of the influence on the back-

scattering properties of the reflector of a change in the length of the

dipole elements. In the previous investigations on this contract only

reflectors consisting of half-wave dipoles have been investigated. The

exar.nation of the influence of the length of dipoles is carried out along

the spie lines as the examination of the influence of the other parameters

of the reflector as described in Scientific Report No. 5. This means that

the lenrth of the dipoles is changed while keeping all other parmcters of

the reflector fixed with values corresponding to the dimensions of the

experimental reflec'tor used by Sharp.

The results of this investigation is shown in fig. 6 of this report.

From this it turns out as expected that the back-scattered energnr decrease;

both when the dipole length is less than and greater than half a wavelength.

This is due to the fact that the matched half-wave dipole has optimal rera-

diating properties. However, when the dipoles are less than half a wave-

length the mutual coupling between the dipoles decrease and a better retro-

directive effect of the reflector is obtained. This effect is further

strengthened because of the mismatch between the dipole and the transmissiooi

line. the self resistance R of the dipole being less than the characteristicA
impedance Z of the line. This is in accordance with the results of the

investigation of the four element linear reflector -where it was found that

the deviation from retrodirective effect decreases when the factor RA/Zo

decreases.

The bandwidth properties of the 16 element square Van Atta reflector

similar to the experimental reflector used by Sharp with or without the

conducting plate has been computed and the results are shown in figs. 7a

and 8a. The curves show the back-scattered energy for different angles

of incidence as a function of A/Ao, where A is the wavelength correspondinr
0 0

to the center frequency.

For increasing values of X/o larger than 1.0 the back-scattered energy

fraa the reflector without a conducting plate decreaues in a regular manner

for all a.Igles of incidence.
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For values of A/A 0 1.0 the shape of the curves is very irregular
and gives no irformation at all. When the conducting plate is taken into
account the curves for A/A° > 1.0 are almost as regular as when the plate
is not present but the level of back-scattered energy is higher for
directions of incidence near normal incidence (0O) and lower for directions

of incidence near broadsidc (900). For A/A < 1.0 the curves are just as
0

irregular as in the case where the 2late is not present.

However, from the results of this investigation it turned out that
the retrodirective effect of this 16 element reflector is essentially im-
proved when A/A. z 1.3. This corresponds to a 16 element square Van Atta

reflector with the following parameter values.,

length of dipoles 0.385 A
radius of dipoles 0.0115 X
distance between dipoles 0.462 A

distance from dipoles to plate 0.192 X

length of transmission lines 0.315 A

characteristic impedance of

transmission lines T3.0 ohms

A measure of retrodirective effect is given in figs. Th and 8b as

number of examined anjples of incidence aving retrodirective effect • 100
total number of angles of incidence examined -

For the reflector without a plate 11 obtaines its maximum 90% for the above-
mentioned wavelength A - 1.3A0 of the incident plane wave. When the con-

ducting plate is present the optimum value of 14 is 50% and this value is
obtained in the vhole range from A I.!A 0 to A W 1.5A.. -.he reason for
the decrement of -1 in the second case is that the retrodirective effect is
reduced when the direction of incidence turns towards broadside because of
interference with the field scattered from the conducting plate.

However it is obvious in both cases that a Van Atta reflector with a
better retrodirective effect than the effect measured by Sharp may be

obtained from the same physical reflector at the expense of the reradiated
enere7 if the reflector is used at lower frequencies than the center-fre-

quency.
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7. CONCLUSION

In this report a survey of the investigations performed under

Contract AF 61(052)-794 "Reflector Array" has been given including the

results of the final york on the contract which have not been described

in any previous report.

By ccmparing the results obtained with the objectives of the con-

tract as stated in section 1 of this report it is seen that the first

period of the text may be covered by Scientific Reports Nos* 1, 2, 4, and

5. The second period is "n part covered by Scientific Report No. 4. The

linear and two-dimensional array mentioned in the third period has been

investigated while the other configurations mentioned in this period have

not been dealt with, The fourth and last period is covered in Scientific

Report .Io. 3 for a linear array.

Further an investigation of the bandwidth properties of a square

reflector has been carried out.

Using the theory explained in the reports issued under this contract

it should be possible to investigate other types of Van Atta reflectors.

This might be as well reflectors consisting of dipoles mounted in two- or

three-dimensional arrays for example over conducting cylinders or spheres,

as reflectors consisting of oth.er types of antenna elements such as horns,

paraboloid antennas, crossed dipoles or monopoles.

Probably results which compare better. with the experimental resultr.

measured by Sharp may be obtained using another theory for the field re-

flected frca the conducting plate than the physical optics theory used in

Scientific Report No. 5. This theory may be Keller's gecmnetrical theory of

optics which, in contrast to the theory used, will take into account the

scattering of the incident field about the edges of the conducting plate.
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8. COMIPM PROGT!

In Appendix I a copy of the ccmputer progm developed for the nume-

rical investigation of square Van Atta reflectors with or without a con-

ducting plate is printed.

The program is written in FORTRAN IV and the ccmputer used in an

IBM T090 run by the Northern Europe University Computinr, Center. Techni-

cal University of Denmark.
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C
C
C

C CALCULATICN CF RrRAOIATICN PI1TFPN CF S0U!RE VtN PTTt P!,:.L'.;
V. WITH ANO tIT.CUT A PCKP1INS PLATE

C
c Tt-E INPUT PARAMETERS ARE

COMMON INPLT

C I = NLMBER CF ELEP'Cý.Tt' IN EACH RCW
C J = 1 IF CONDUCTING PLATE IS IAKEN INTC oCCCUN-T ?.. -

KPQ m ANGLE OF INCIOENCE Ill.L EE CHCSEN AS KFC4Fa'. -C..
C MCB • C IF RESULTS IN DECIBSLS, I IF RESULTS IN CIRECT
C .L.MERICAL VALLES AND 2 IF BCTH CASES ARE WANTEC
C

C C w CISTANCE BETIEEN ELENEKTF (IN 6VELENCTýI.)
C R = DISTANCE FROM ELEMENTS TC PLATE (IN WAVELENCTI-S!
C B = LENGTH CF TRANSFISSICN LINES (IN ktVELENCTHS)
r- ZO - CI-ARACTERISTIC IMPEDANCE CF TRANSMISSICN LINES ,N '
C RAC = CIPCLE RADILS (IN htVELENGTHS)

CLE = LENGIV CF DIPCLES (IN WAVELENCTHS)
C

C W = ANGLE OF POLARIZATICN CF INCICENT %AVE (IN VE~A>:'
C FII = ANGLE OF INCIDENCE CF INCCNINC PLANE 6AVE (IN CECR:"'
C
C .F I a ANGLE OF REFLECIICN (IN CEC•[
C "I A = C IF NEi CALCLLA ICNS ARE hAN'ED), ELSE Ph = I
C PW = I IF BANnWIDTH CALCLLATIENS ARE hANTEC, ELSE EW

= C IF PARAMETER WARIATICN IS WAKTEC

C IF EW I 1 (BANCIDr)TH CALCLLATICN) LSE FCLLCWINC INFUT

C MCIP = C IF THE P'-IYSICAL 'NGT- ; CF DIPCLES HAS TC eE J\•Ltf,-"
ELSE MDIP = 1

C ME C IF THE PHYSICAL l'ISTAP-CE "•ltMeCAC F43 TC Ef UNCI-F",V
ELSE MD 1

C MR = C IF THE PHYSICAL DISIANCE ROLAMECAO HAS TC E[ UNCt:r-,'(
C ELSE MR I1

" MC. = C IF THE PHYSICAL LENGTH BsLAMECAC FAS TC PE _,NCI *.Jr
C ELSE MB I

CC IFF =-ALF THE RANGE CýER m4ICP. THE FACTCR LACA/LýPILeCOC
"C ' VARIED
c RATjO= IF-E STEPS IN %PIr.A- THE FACTCR LefDODD/LAM8CAO IS VAPII"
C (LAMBDA a FREQENCV. LAMBDAO = CENTER FREQUENCY)
C
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C IF BW 0 (PARAMETER VARIATICN) USE THE FCLLCWIKG INpuFr
C
C DI = STEPS IN CHANGING I DLRING PARAMETER VARIATICt.
C CC = STEPS IN CHANGING D DURING PAIAPETER VARIATICK
C OR = STEPS IN CHANGING R DURING PARAMETER VARIATICN
C r8B - STEPS IN CHANGING B OLPING PARAPETER VARIATICN
C DZ = STEPS IN CHANGING ZC DURING PARAPETEP VARIATICh
C CCLE = STEPS IN CHANGING DLE CLRING PARAPETER VARIATICr
C
C IVX = MAXIMLM VALLE OF I IN PARAMETER VARIATICN
C CMX = MAXIMIM VALLE OF D IN PARAMETER VARIATICh
C RMX = PAXIPML VALLE OF R IN PARAMETER VARIATICN
c BMX = MAXIMUM VALLE OF B IN PARAMETER VARIATICh
C ZMX = MAXIMLM VALLE OF ZC IN PARAMETER VARIATICh
C CLMX = MAXIMLM VALLE OF DLE IN PARAMETER VARIATIC,\
C
C
C

CIMENSION A(72972),C(72),x[72)[L(72,I0)
C;MENSION .l(3E6),Q(2,1C3,S(5),V(36,10],3B(6)
rIMENSION G(Ig|IO),TETAI{IC),PHII(IO)gVVflO},1[19),F{|.''•

INTEGER BWtDItPAGINA
169 FORMAT(3152
301 FORMAT 141!)
302 FORMAT14F9,3)
303 FORMATi2FS,3)

304 FORMAT13FS.3)
305 FORMAT(6F$,3)
306 FORMATII5,5F9.?)
£00 REAC(5,3C1) IJtKPQtDB

READ(5t3C5) DR8,ZORACDLE
REAC(5,t33) W,FII
REAC(5t369) LFIMABW

C
IFIBW.EQl) READ(5,301) MDIPPVDMRMe
IF(IW.EQ.1' READ(59303) DIFFsRA7TC

IF(BW.EQ.C) READ(5,3C6) DItCDODRCCatDZCCLE
IF(eW.EQ.C] READ(5,3C6) IPXOMXRPXv0eMX•ZWXCLPX

IF(BW.EQ.C) DIFF = 0.
IF(BW.EQ.C) PCIP = 1
K=IC
LTETA=10
FAKTOR=I.C-DIFF
PAGINA = C
IST:I
cST=C

RST=R
BST=B
ZST-ZZO
ELST=CI.E

IF[0W.LF¾1-) CO TO 5C2
IF(3W.EQ.C) GO TG 5C3

50. I=1 +CI
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GO TO 515
510 C=C +COD

CO TO 51!
512 P~e CCtB

CO TO 515
513 ZO=Zf,4DZ

CO TO 515
511 R=R 4fR

CO TC t15
914 CLE=CLE+CCLF T

5:15 IF({.W.EQ.C) CC TO 5C3
502 IF(MC.E-Q.C ) C=/FAKTCR

IF(mR.Eo.C) RaRIFAKTOR
IF(M9.Eo.C) B-B/FAKTOR

5C3 C=CI4.23.1853
R=R*6.2831e53
B=Ba6.2e31e53

PAGINA = PAGINA +

M=T/2
IF(M*2-1) 11,12,11

11 LE=I
GO TO 2

12 LE=C
2 MM=( I-LE)/2+5/ICC

CO 13 M=lt'M
13 S(M)=tFLOAT(I)12.-FLCAT(tU)+C.5)*O

LL=( I-LE+I)/2
C0 15 L=1,LL
CO 15 M=I,I
LI=IL-1)eI+M
,( Lli,2)--- S(L)

L2=I-Le1(M-I)*I
fHL2,1)= S(L)
L3=N-I+M-(L-I).I
P(L3,2)=-S(L)
L4=L4(M-1)*II-(L4, 1 )=-S(L)
IF(LE) 14,15,14

14 L5=( I-])/2+(M-I)ol~l

F(L5, 1)=C.C

F(L6t2}=C.C

15 CONTINUE
11=1..2
FAKT1 a I*CCCCCC
IF(MCIP.EQO) FAKTI a FAKICR
CALL EETA( IJtZCRHFAKTIRADCLE)
TAL=O.
OPQ=FLOAT(KPQ)tIC.
TAL=TAL+1.
CLE=PLE/FAKT1
CO 2, M=I,K
yM = P
VV( m• )=xW
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PFIItMuFIM I
XM = YM-OPQ
XK=K-1
TETA i(M I-( XM*SC. )/XK
IF(ABS(TETAI('i1)-90.) 22,21,22

21 IF(A8S(PHIIMf))-gc.) 22,25,2222 TET I=TETA I(M)*C.C174532S25
Z=0.CI74532925

0P=(COS( 3.14ltS265*,DLE*SIK (TEII) mSIK(Fl IeZ) )-CCS (3,14159265*CLE) I,
I (SIN(W*Z)*CCS(FIIOZ)-CCS(kt*Z)*SII(FlleZI•CCS(TETI)I/ISQRT(1.-
2 SIN( TETI I**2m$IN(F I *Z)**2)*SIt•(3.14159265*CLE) )

Q( ItM )=P* I .- FLOAT(J)*CC$( 2. "R,*CC•TETI)))

Q(2,M)s-P*FLCAT(J).SKNt2..R*CCS(TETI))
0O 23 L-IN

23 OV(LM)='-(L,1I)*COS(F IoZ.)*SIK(TETI)
1 -H(Lt2)*SIN(FII.Z)*SIK(TETI)

24 CONTINUE
GO TO 26

25 K=K-1SC
C NOW TFE ALXILIARY ARRAY FAS BEEN CALCULATED
C

26 CALL MATl(LEtINJBIBAH)
IFILE-1) IIC,41,1IC

41 CALL MAT2(LEtINpJ9BAtH)
110 CONTINUE

C

0O 50 L=1#K
If8 N1(N+1)/2

N2=1 3'N+ I ) 12
C(NII u(Q(I,L)eCOSCV(N1,L))-C(2,L)eSIk(VIIItL)I),CCSIe)C(N2) =(Q0I IL)*SIN(V(NIPL))÷•IZL)*CCS(V(NltL)))OCCS|B)

4,9 MM=(N-LE)/2

NL=2*N+L
DO 8CC M=IlMM
NMI=N+I-M
MN=N÷M
MI=M+(N+LE )/2

M2=M+( 3*N+LE 1/2
RVM = Q(19L)*CCSIVIM•L))-Q(2,L)OSIN(ViP•L))
CV10 = QII,L).SIN(V(MtL))+C(2,L)*CCS(V(PCL))
RVMI = Q(1,L)*COS(V(NP1,L))-CC2,L)uSIN(Vtfip1,L))
CVMI = Q(IL)[SIN(V(NMIL))+Q(2,L).CCS(Vth-MltL)I
CIM) = (RVP-RVMI).COSIB*C.5)
C{MI)= (RVM.RVMI)OSIN(BC.5)
C(MN)n ( CVM-CVMI )eCOS {B*C. 5)

800 C(M2)= (CVM+CVMI)OSIN(B*C.5)

C NOW ThE MATRIX IS FILLED UP AND THE SCLVING CF THE
C EQUATIONS kILL START

IF0L-I) ?CCfAC,17C01300 CALL SCLVEI2*NA,Ctlt0.CItSvXIT)



241

014Ca2
ATTA - EFN SCURCE STATEPEIT - IFMIS) -

GO TO 52
700 CALL SOLVE(2vtNAsC9290-ClCt5#A IT)

52 N2w 24N
00 51 KMultN2

51 U(Kfj.L)=X(KMl
50 CONTINUE

C
C NOW THE RERADIATION PAITERh %ILL BE CALCULATEC
C

IF( IT) 94, -55- !5

55 KL s" 0
210 IF(KLM) 230,22C,230
220 FIuLFI+18C

KT- 9C
GO TO 240

230 FI=LFI
KT=ICC

240 OCALL PATT(KLMKTtKI ,NJDtRttZCFIILTETAFITETIttHUGTPFCLE
1)

KLMmKLM÷1
IF(KLM-I) 281*21C0281

281 WRITE (693CC)
WRITE (6,711 NtPAGINA
WRITE (6,72)
WRITE (6,743
IFIJ.EQ.1) WRITE(6976)
IF(BW.EQ.C) GO TO 31C
WRITE(6t2CC) FAKTOR
IFIMOIP.EQ.O) WRITE(69333)
IF(MDo.EQ.C) WRITE(694'4)
IF(MR.EQ.C) URITE(6,555)
IFIMS.EQ.*0 WRITE(6P666)

310 IFIMOB.NE.C) GO 10 120
Do 111 MK 1,19
Do 111 KK = IvK

111 G(MK#KK) " D8(GIMKtKK))
120 AA = 8/6.2831E531

DPI=D/6.2e31e!1l
77 WRITE(6,91"7 DPI

WRITE(6,777) RAO
WRITE(6,se) DOLE
WRITE (6,175) AA
fIH=R /6,2 83 18 531

IF(J-1I 18C,178,180
178 WRITE (6,179) 14H
180- WRITE(6,181) ZO

IF(MOB.NE.C) hRITE(6,3C)
WRITE (6,78) (TE7AI(IM)ltP*=IK)
WRITE (6,79) (PHII(M)tP-19K)
WRITE (6,8C) (VV(M),M=lK)
WRITE (6#81)

C
00 84 MKwIII

84 WRITE (6t9C)"1(MKI,F(MK),(G(P)KPI)P'lK)
IF(MDO.NE.2) GO TO 96
WR ITE(6t 3C)

tI
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CO 112 KK a 19K
112 G(MKtKKW B(G(MKtKO)5 )

CO 113 MK z 191s
113 WlRITE1 6,9C) T(MK) vF(FK)to(G1P-KP) tPwlvK)

GO TO 96
94 WRITE(6t95)
96 CmCPI

SaAA

IFIBW*EQol) GO TO 504
IF(CI°NEeC°AND°I°LT.IP"X) GC IC 501

I=IST
IF(Cr..NE,0.,ANO.D.LT.DPX) GO TO 510
COUC.
C-CST
IF(CCB.NE.0o.AND.BoL,,BthX) GC TC 512
COBWO.
BtBST
IF(CZ.NE.C..ANO°ZO.LT.ZlvX) GC TC 513: CZwo.

ZONZST
IFIOR9NEoC..ANO.R.LT.RPX) GO TC 511
CR-O.
R=RST
IF|CO'E.NE.0..AND.DLE.LT.DL'X) GU T0 514
CDLE-(.
CLEsOLST

C
504 IFIBW.EQ°o) GO TO 505

C
IF(MO.EQ.C) O=zOFAKTCR
IFIMR.EQ.C) R*ReFAKTCR
IF(MB°EQ.O3 B=B*FAKTCR
OLE-OLE*FAKTI
FAKTOR. FAKTOR4RATIO
IF(FAKTOR*LT.1.C+OIFF) GC 10 502

505 IF(MA) 939100,93
93 CONTINUE

300 FORMAT (1H1I
71 OFORMATI31H SOQARE VAN ATTA REFLEC7CR VITHI3p1OH ELEMENTSP50X§41-P

1AGE,14)
72 OFORMATIIC2H-CALCULATED RERACIATICI PATTERI *Go IN THE CIRECTICN (I

IVEN BY TIE ANGLES TETA AND F1 FCR VARICUS CASES)
74 OFORMAT(67H" OF INCIDENCE ANC PCLARIZATICK -C-IVEK BY THE ANGLES TETA

11,FIl AND V)
76 FORMAT(4eHCHERE THE CONDLCTING PLA7E IS TAKEN INTC ACCCUNT)

200 OFORMAT(45HOBANCWIDTH CALCULATICNS FCR LAPBODA/LAPCAO OF8.3,'" AN
1C)

333 OFORMAT(62H NO VARIATION CF PHYSICAL DIPCLE LENGTH ILENGTh= O.5a LA
IMBOAC I)

444 FORMAT(5CH NO VARIATION CF PHYSICAL DISTANCE BETWEEN DIPCLES)
555 FORMAT(43H NO VARIATION CF PHYSICAL HEIGHT CVER PLATM)
666 FORMAT(41H NO VARIATION CF PHYSICAL LENGT?' . LINES)
177 FORMAT (27HOISTANCE BETUEEN ELEPENTSF1O0.Z.,.3-H WAVELENGT)S)
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777 FORMAT127H DIPOLE RADIUS a *F11.3.12i4 WAVELENGTPS)
888 FORMAT(27H DIPOLE LENGTH a ,Fl.3t12H WAVELENGTFS)
175 FORMAT (29H LENGTH OF TRANSPISSICKLINESatFS2913tH WAVELEKCTFS)
179 FORMAT(33H DISTANCE FROM ELEPENTS TC PLATE-vF4.2tI3H WAVELENGTHSi
181 OFORMA-(e8HOCHARACTER!STIC IMPEDANCE CF TRAASPISSICK LINESaF5.2t6t

I OHMS)
30 FORMATI48HORERADIATION PATTERN VALUES FEASUREC IN CECIIELS)
78 FORMATi9H-TErA[s t2Xt1OF9.1)
79 FORMAT(91w FII w t2XtlCF9.1)
80 FORMAT(gH V a o2XP1CFgl)
81 FORMAT( I1 4CTETA F!)
90 FORMAT|IH F4. ltF6,0pI0F9.2)
95 FORMAT(42HIe,,THE SYSTEM OF EQ!ATICNS IS SINGULARmUea

STOP
END

SIBFTC DECI DECK

REAL FUNCTION OBIX)
CC D8 * CONVERTS THE RERADIATEC ENERGY INIC DECIBELS

C
D8 a -gcc.C
XI = Icoccccco"x
KX a IFIXIXI)

IF(KX.NE*O) GO TO I
RETURN

ICO a 10.*ALOGIC(XI
RETURN
ENC
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SUBROUTINE NAT1(LEtIN, JBIBAtH)
C

C *MATI COMPUTES THE FIRST PART CF THE PATRtX ECUATICh
C

CIMENSION IBC) .At72s72)tH(36t6)
P'M"(N-LE )/2
0O 32 MItPM
CO 30 Lultl
NX"N-Lol
IF(ICCeMX-5) 27p30,3C

27 IF(IC0e(MX-LE).530I-5) 28029,29
20 LL-N-2*.42

GO TO 31
29 LL-2*OX*N-2*L.t*201

GO TO 31
30 CONTINUE

C

31 Yu( 1.,I3)-FLOATIJ).H(1.5)-HII.LL3)4FLOATEJ).H(LL,5)I)CCS(D.Oo5)
A(M,2*f4-1)- Y
MNSPIN
ANN*P .N u yA(MNt2*M)m Y
NM1-2 I N-Pd)*
NM2,2* IN-N)42
ML lP-4(N4LE)/2
ML2uM4( 3*N+LE)/2
A(M#NM1) -Y
AiMNONM.Z)a -Y

OYB-(H(lo 4)-FLCAT(J)*H!I196)-H(LLt4)+FLCAT |J)eH|LL961)*CCS[IeOo.S)

I *SIN(B.O.5)
AI(M2.Mls Y
A(MNNM1)m Y
A(M14NM2)n -Y
A(NN,2*M-I)* -Y

C
Ys(H(*1#31-FLOAI(J).H(15).+H(LLt3)-FLCAT(J)mH(LLS)) SINK(B.O. I
A(MLI,2*M-I)- Y
A(MLItNMI)a Y
A(ML292*M)- Y
A(ML2,NM2)" V

OY,-(H(1,43-FLOAT(J)eH( l,3)+H(LLt4)-FLCAT(J)OHiLL,6)).S[N(BO.S5)
L -COS(6&0.6 )

AIPI412*M)a Y
A(MLINM2)" Y
A(ML2,2eM-Il) -Y
A(ML2,NMI)s -Y
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32 CONTINUE

PM=iN-3*LE )/2

LL=(N-LE )/2
CO 40 M=,tMM

IF(LL-ML) SiS,EePeE
ý,L CO £04C L=MLtLL

Kl=C
L2z L-M
CO 35 MI=MtL,Li
KL=KI+l
CO 3,4 LI=I,LL
I.X= I -L. 1* I
IrK2*MX-I) l2,?A34

KI:KI•I
18(K I= 1-1

GO TO 35
CONTINUE

3,- CONTINUE
IB(6): I- I- 183(4

IFIIBt)-I18(3)) 37,37,36
36 LL1: I*(IB(4)-IB(2))-I83)+leB(1I÷1

GO TO 113
it LLI= Iml J8(41-IB(2))+IB(3)-I8(I)I*

ý-3 IF(1O(1)-18(511 39,39,938
.3F LL2=1*I IB( 6)-IBI 2})-I1 {5ieI5l1)÷I

GO TO 114
,-39 LL2= z I ( )I ( I+ B B - B 1 +

i.,i (jY=(HILLl,31-FLOAT(JI*H(LLI,5)-H(LL2*,3)FLCAT(J)*H(LL2,5))
*COS(B*C.5)

AfL, 2*M-I )-Y

A(M, 2*L-I)=Y
NL=N41.
NM zN+
NMI= 2*(N-M)+l
NLI=2*(N-L) 41
NM2=NM 1l
NL2=NL 141
LEI=L4(N+LE)/2
MElzI=.(N+LE)/2
LE2=L+(3*N+LE)/2
ME2=M+(3*N+LE)/2
A(NM,2*L)= Y
A(NL ,2.M)= Y
A(LINMI)= -Y
A(MNLI)a -Y
A(NL,NM2)= -Y
A(NMtNL2)- -Y

OY=-(P(LL1, 4I)-FLOAT(J).H(LLI,61-HILLZ,4)4FLCATIJ)}H(LL2,6))
1 *COS(B6C.5)
AIL, 2*M)=Y
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A(Mv 20L )
AINLoNMI)- Y
AINMNLI)" Y
A(LNM2)u -Y
AIMtNL2)u -Y
AINLt2*M-1)c -V
AI NlI,2*L-I), -Y

OYu(P(LL1,23-FLCA7(J)*H(LL1,5),HILL2,3)-FLCATIJ)01H(LL2t,5)
1 *SIN(8.C.S)
A(LE1,2•M-I)a V
A(ME1,2*L-1)a "
AILEI,NMI)= V
AIIOEIoNL I)t Y

A(LE2v2IM)u Y
A(ME2t,2L)- V
A(LE2,NM2)I V
A(ME2,NL2)z V

OYa-(H(LL1,o)-FLOATIJ)eH(LLI,6).H(LL2,4)-FLCAT(J)4Ii(LL26)f)
1 *S|NIB'C.S)
A(LEI,92M)a Y
A(MEl,2uL)- Y
A(LEINt42)u Y
A(ME lNL 2). Y
A(LE2,2*M-1)s -Y
A(ME2,2*L-I)- -Y
A(LE2tNM1)- -V
A(IME29NL 1)x -Y

40 CONTINUE
999 CONTINUE

RETURN
ENC
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SIBFTC SUB2 CECK

SUB2 - EFN SOURCE STAIEPEIT - IFN(S) -

SUBROUTINE MAT2(LEtItNtJBAH)
C

C *MAT2, COMPUTES THE SECCKD PART CF THE PATPIX ECUATICN
C

CIMENSION A(72/72),1H136161
Y=|I'( It )-FLCA7( J)eHI l95))*CCS (B)

C
NEn(N*LE)/2
NEluI 3*N+LE)/2
A(NEoN)a y
AINEIN•l)" V
AINEN*I)a -iHllt6|-FLOA7|J)OHIleB|))eCCS|B)+SII•|•)

A(NE19N)a -A(NEN.1)
C

MMmIN-LE)/2
CO 47 M-tIvNM
LL=(N-LE)/2
CO 43 L,,tLL
MX"M-L. I
IF(2MlX-11) 4243943

42 NXuMX*I-l
NY=I-1
GO TO 44

43 CONTINUE
44 IF(2*NX-IJ 6,46t645
45 LL3= 1*(lI-1)/2-NY)+(3-1)/2••X

GO TO 115
46 LL3- I*(I-1/2-NY)+(I+I)/2-N)X

115 Y-(IF(LL3,3)-FLOAT(J)*H(LL3,5)).COS(B)

N1"(N+I)/2
N2nl 3*N+"1/2
NMI-21N-M )-I
NM2m NMI+l
M2= (3*N411/2*1'
Mi1 tN+1)12÷M
AIgN,2*M-I)a Y
AINIjNMI)u Y
A(N2,NM2)u Y
A(N2t2*M)" Y

Y--(H(LL3,4)-FLOAT(J).H(LL3v6)flCCS(BI
A(Nlt2*M)" Y.
A(NINMZ)" Y
AIN2,2*M-1)m -Y
AIN2,NM2)u -Y
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SUB2 - EFN SCLRCE STATEIPENI - MFIS)

z: C
Y*2.'(H(LL3,!)-FLOAT(J).H(LL3,5)))SINP(8.O51
A(M2gN41), Y
A(•frtN)a Y
A|MloN+I)- -2.*(H(LL3 e4)-FLCAT IJI mH LL3t6) ) Slh (eO0,5)
AI!M2,N)- -APltiN*l)

S~A~lt' N )-0.G
AIM,N4)wC.CA(MtN+I)-CC

A(NM#N), C.0
47 A(NMtN+I)u O.C

RETURN
ENC
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SIBFTC SUB? CECK

SUB3 - EFN SOURCE STA7EIEhT - IFN(S) -

OSUBROUTINE PATT(KLMKTKltNtJt0,RWZCFIILTETAtFITETAItP',U,
1 GTFtDLE)

C
C *PATTv COMPUTES THE RERACIATICN PATTERN• CF TPE REFLECTCR
C C IMENS ION TEIAI(10) till36 e6) L(72tlO) tGilg lO) tl (191BF(191

P0(X)= SINIO.5•.XXID) /I C.SO)IoXIOC)
KMa C
CC 91 NTETA=ICvKTLTETA
MKM=MKM+ 1
MK= KLM* 9*MKiV
NX s (MKM-11)*(KLM-1)÷ MK0* KLV
IF(KLM) 26C,25C,260

250 MTETAzICC-NTEIA
GO TO 27C

260 MTETA"NTETA - 1C
270 00 8g M=1,K

GR=O.
GI =0.
Y=3° 14159265/1e0.
TETA-MTETA
TETA = TETAI(NX)
T(POK)=TETA
F(MK)"FJ

0XK 1 = 1 20..3.-1415g265(CCS(3.14159265.DLEeSIN(TETAaYR*SINIFigY)I
1 -COS({3.141•S265*DLE))/(ZC*SQRT(1--(SIIK(TETAOY) SISlF! Y ) 32)
2 SIN(3.141!;265.DLE))

N2Z,*N
CO e4 LItN2,2
Ll=(L*I)/2
Cl:I(Lltl)*SIN(TETA*Y)*CCS(FIeY)÷HIL10g)*SIhITETA*Y)*SIN(Fl*Y)
AAw U(LM)
NL=L•1

e8= U(NLtM)
GR=GR#AA*COSICl).BB*SIN(CI)C
GI*GI-AA*SINICl)+B÷8BCOS(C1)

84 CONTINUE
IF(J-1) 87,85,87

85 CO 86 L=1,N2,2
Lla(L÷I)/2

OCI={LltlI)*SIN(TETA*Y).CCS(FI*Y)+HLlt2)*SIN(TETAGY)•SIN(FIOY)
1 -2.oR.COS(TETA.Y)
AAx U(LMl
NL=L'•l

88= U(NLMJ
AN-N
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C1l4ICC?
SU93 - EFN SCLRCE STATEVENT - IFN(S) -

CR-GR-AA*CUSIC1 )-Dfi*S1N(Cl)
CI=-I4AA*SIN(ICII)-B.CCS(CI)

8 6 CrNTINUE
XI=I
AR=COS(R* (CO.€{IF. AI (V) Q•)+CC.•(TFYAOY)) )
AI=5 [N(R• (rCO ( T TAI I ) *Y)+CC• (TEYAoY) )
AL--SIN( ETIAI (P)*Y)*CCS (F I ] Y)+SIN•(TCTAOY) •CCS (F wY )

AF=SIN(TETAI(9)*Y)*SIN(FIl.Y)÷SI%(TETAY) eSINIFIJYI
AL I =AL*ICCCCC.
PEI=9E.1CCCCC.
IF(IFIX(ALIW 2CGt29;1925C

291 SAL=I,
GO TO 252

290 SAL = PCIAL)
292 !FfIFIX(BEI)) 294,293,2194
293 SBE=l.

CO TO 295
294 SBE = POJ(E)
295 XK2= C.5*SAL*SBE.AN*IDt.2

TP=COS(W*Y)VCUS(FII*Y)+SIN(ShY)*CCS(TETAI(C) Y).SINI(F!ItYI
TT=-COS(k.Y).5IN(FI1.Y)+÷IN(b.Y).CCS(TETAI(),Y)3,CCS(FIIuYI
FT=-TP.CCS(FI#Y).CCS(TETA,%)+TT.SI(FIl*Y).CES(TET6*.)
FP=TP*S IN( F I*Y )+TTCCS (FI*YIOG(CK,M•I= ((XKI*GR"SIN(FI*V)*CCS(TETA*Y) + XK2*ARFTI)"2
1 +(XKI.G#ISIN(FI.Y)-CCS(TETAVY) + )YK?,vIFT)v*2
2 +(XKI.GR*CCS(FI*Y) + XK2uAIIFFp)0023 +(XKIGI*CCS(FI*Y) + XK2.AI*FP)**2)/(3.14159265**-)

87 IFCJ-1) FEvESiE
88 CG(MK,,")=XKI**2*(GR**2.GlIi2).(CSIN(FI.Y))2*24(CCS(TETAsYI )ua2

I *(CCS( FI*Y) )..2)/(3.1'.159265.*3)
89 CONTINUE
91 CONTINUE

RETURN
E C
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SIEFTC TMPZ CECK

IPPZ - EFN SOLRCE SIATEtdENI - IFK (S) -

SUBROUTINE BETA( IIJtZCRHFAKICRRACOLEI
C
C *BETA* BLILDS LP AN ARRAV CF SELF- ANC PLTL*L IPFECArNCES
C

CIENSION F(36,6)
CALL SELF(CLE/FAKTORRAORS,XS)
CO 2C M=e, II
IF(P-11 17,16,17

16 -1l13) = RS/ZC
Filt4) =-XS/ZC
CO TO le

17 OZ= AMPE(CLE/FAKTORtDLE/FAKICR,

I ABS(C.1591549*(H I,2)-H(P,2)3) ,00,0.0,1,0.001,10)
p 0, X)1Z/ZO

OZ= AMPE(CLE/FAKTORDLIE/FAKICR9
1 ABS(C.1159$5 IH qI;-H(Pq I 3)))

I ~ABS!C. 1551549-!H(1I 2)-H(P#2)) ),C.0,Oo0,O,0.O01 t I0

FHM,4)=Z/ZO
18 IF(J) 19,2C, lS

19 OZ= AMPE(CLE/FAKTOR,DLE/FAKTCR,
I O.3l•.:R(( II- )I ~24 (~g ,

I AUS(C.159154A(HiE1,Z)-H(P,2))') ,C.0.0.1,0.001.10)
h'P 5 1Z/ZC

OZ= AMPEICLE/FAKTOR@DLE/FAKTCRt
1 C.1591549•~RT( lHl1,1)-H(•',l) ).4,42+.'l P.m23),)

I ABS(C.1591549*(H(1,2)-H(IF,2l)) 9O.OOo.0,OO.O0I.,lO)

20 CONTINUE
RETURN
ENr
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i
I

$ieFTC XCAL CECK

XCAL - EFN SOLRCE SIAIEPENT - IFN(S) -

SUBROUTINE SELF(HAtRvX)
C
C *SELF* CCMPUTES THE SELF I[PEDAKCE CF THE CIFELES
C

COMPLEX CSINTCINSI
PI=3.14159265

AA=SQRT(2.)*2.*PI*A

CSINTuCINSI(2.*HH)
CI2= C.511215465÷ALOG(2.*HHI-REALICSINT)
S2= REAL(CSINT)
S12= AIMACICSINT)
CSINTs CINSI(4.0I-H)
C14= 0.51721t6C5÷ALOG(4.*HH)-REALICSIKT)
S4= REALKCSINT)
S14a AIMAG(CSINT)
Xm -29.997925@(SIN(2.6HH)*I-C.577215665tALCG(tH/(AA'*2})42.uCI2

C -C14) - C0S(2.*HH)*(2.*SI2-SI4)-2.*SI2)
R= 29.99TS25.*((2.+2.*CCS:Z..IH))*S2-CCS(2. 0-H)eS4

C -2.*SIN(2.*HHI*SI2÷SIM(Z..HH)*SI4)
X=XI(SINIIFH)**2)

RzR/( SIN(I'I')**2)
12 CONTINUE
13 CONTINUE

RETURN
ENC



-36-

014C02

$IBFTC CINSI DECK

CINSI - EFN SOURCE STATEVENT - IFNIS) -

COMPLEX FUNCTION CINSI(X)
C CINSI COMPUTES AS ITS REAL PART THE MCCIFIEO CCSIIE INTEGRAL ANC AS
C ITS IMAGINARY PART THE SINE INTEGRAL.

IF (X.GT.I.1) GO TO 20
C=l.0
5=1.0
TC-I°C
TS=1.0
YzXeX
[='0

TC--Y*TC/FLOAT(2I*.(2*I-1))

TS--Y*TS/FLOA712.Iu.(2*1+1)
TERMCuTC/FLOAT (2"!)
TERMS=TS/FLOAT ( 2.Ie1)
C=C÷TERMC
S=S*TERMS
EC=ABS(TERMC/C)
ERROR=I.CE-E
IF CEC.GT.ERROR) GO TC IC
CIN=1.0-C
SI=XeS
CINS I=CMPLX(CINSI)
RETURN

20 Y=X*X
F=(Y*(Y*(Y*(Y.38.027264) 265.18"033 )335.677320)438.102495)/

C (X*(Y*(Y*(Y*tYV+40.021433)+322.624911)+57C.236280)4157.10542• )
G=(Y'(Y*(Y.(Y.42.242e55 )3C2,7578665)352.Ot8498)+21•821899)/

C •(e : Y;Y•8 CJ:2)*482°465984)i+1L1149978885 )+449.690326)1|

SmSIN(X)
CwCOS(X)
CINmO.577215f665ALOG( X)-FOS+G*C
SI=1.57079633-F*C-G*S
CINSI=CMPLX(CINSI)
RETURN
END
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$1eFTC ZCAL CECK

ZCAL EFN SOLRCE STATEA1ENT - IFNIS)

REAL FUNCTION A.!.PE H1,H2tYCtZC,TETAFFlCCELTAIdCRC)
C
C *A!OPE. CCP'PLTES THE 0LTLAL IPPE.lANCES SEThEEN T1E CIFCLES EY Ah
C INTECRATICN USING RCPOERG'S PETHCC
C
C TI-E REAL PART CF THE MLTLAL IPPECANCE FCR NC:l ANC
C TI-C IMAGINARY PART FCR NC=C
C

C IENSION TRAP(11)
, STEP= t-2

X= -IF212.CI=RX(I"IttP2tYCvZCtTE-TAtF ,ECRU()

I X=lI-/2.
FCuRX(PIlrflyCtZC TETAFI ,I•CtX
TRAP(I -(CCI.FC)*STEP/2.
CI=C.

CO 2C3 K=IMCRC

ERRCR=C.
STEP=STEP/2.

?M~v=m- I

CO ZC4 LsVlwr,2

LL=Z-L
XL=FLCAT(LL)
XMzFLOAT (1')
X=XL/XM
X=X,(-F2/2.)( 1.-XI.*2/2.
FO=RX(Pl,p2,YC,ZC,TETA,FI,KC,XI
C2=SUu+FC
Ir(ABS(FC)-AP.(SLM)) 2C6,2C6,2C5

205 ERRCR-ERRCR+SLM-(C2-FC)
CO TO 207

20E ERRCR*ERROR+RFC-(C2-SL• )
207 SUMSC2
204 CONTIINUE

TRAP(K+I)e7RAP(K)/2.+1C2+ERRCR)*STEP
P=I.
KK=IC-K
EC 2CC LLsKK95tl
L=-(LL-IC)
P=P*4.

208 TRAP(L)=(TRAP(L+I|)P-TRAP(L)I/(p-I.)
C2= TRAP(1)
IF(K-I) 2Cq,2Cq,211

211 Ir(A8S|C2-CI)-flELTA*ABS(C2)) 21CpZ10,2C9
20q CIzCZ
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7.CAL - CFN SCLRCE STATEREfIT - 1F(S)

203 CONT INUc
MflRt:=(- I

210 Q -25.97 925/SIN(3 -141 v,9265 *H l)/S IN(3.t4159265 *H2)
IF(NO-1) 2C1,2CCZC1

2CC AMPE= -Q'C2
GOTC 202

201 AMPEw Q-C2
202 CONlINUE

RETURN
ENC
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SIBFTC INTG DECK

INTG - EFN SOURCE STATEPEN7 - IFN(S) -

REAL FUNCTION RX(HltH2,YCZCIETAFIt CX)
C
c • RX * COMPUTES THE FUNCTICN TO BE INTEGRATED IN RCUTINE APPE
C

2.1-2/2,
A-COS(TETA)
3uSINITETA
CaB*S!N(FT)
0UB*COS(FI)
Ea2.*COS(3.14159265*Hl)
F=ZO81
G=ZO-81
SX-X*C
SY=Xq*C
SZ*X*A
R02=SXe*2 *(YC+SY)'*2
,-=ZO*SZ
R-SQRT(R02*He*2 I
IHNF4SZ
P=G+SZ
RIuSQRT(R0241+.e2 )
R2=SQRT(RO2,P**2 )
IF(NO-1) 21 4 s2ilt214

211 AR=SIN(6.2831e531*R1)/RI
AL=SIN(6.28316531eR2)/R2
AM=SIN(6.28318531*R)/R
GO TO 212

214 AK=COS(6.2e318531*R1)/R1
ALuCOSI6.2E31e531*R2)/R2
AM=COS(6.2e31e531*R)/R

212 CONTINUE
IF(Y0l 216,215,218

215 IF(SX) 218,216,218
216 IFISY) 218,217,218
217 RX-IE*AM-AK-AL)3A*SIN(6.2831e531*(92-AeS(x)))

GO TO 219
218ORXuI(AK*•.reAL*P-E*AM*H)*()XI*M2)+YOfC+XX(CUC2))/RC2

1 +(E*AM-AK-AL).A)*SIN(6.28318531a(B2-ABS(X)))
219 CONTINUE

RETURN
ENC
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SIBFTC SCLV CECK

SOLV - EFN SOURCE STATEMEKT - IFN(S)

SUBROUTINE SOLVE(NNABINEPSITPAXPXtIT)
C
CSOLVE LINEAR EQUATION SOLVER WITH ITERATIVE IPPRCVEPtNT VEPSICN IV
C SOLVES AXmB WhERE A IS KXN VATRIX AND B IS NXI VECTCP
C IN=
C I FOR FIRST ENTRY
C 2 FOR SUBSEQUENT ENTRIES ITH NEW B
C 3 TO RESTORE A AKC B
C EPS AND ITMAX ARE PARAPEIERS IN THE £TERATICh
C IT=
C -1 IF A IS SINGULAR
C 0 IF NOT CCNVERGENT
C NUMBER OF ITERATIONS IF CCNVERGENT
C CALLS MAP SUBROUTINES ILCG2tOCTSDCT AND CAD
C
C TO MODIFY DIMENSIONSt CHANGE THE NEXT 3 (bCT 2 BUT 3) CARCS.
C

OCIMENSION AT72B72),B(72,X(72),DX(72),R(72)tZ(72),RAI72).IRP172)1
1AA(72972)
MA-72

C MA MUST v DECLARED OIMENSICN CF SVSTEP
EQUIVALENCE(RIOX)
GO TO (ICCC,2CC,03CCC)vIK

1000 NmNN
NM zN-i
NPI N41

C
C EQUILIBRATION
C

CO SIC IslIN

KTOP=ILOG2(AfTel1)
DO 503 Js29N

503 KTOPuMAXC(KTOPILOGZ(A(I#J)))
RM( I)2.Coa(-KTOP)
CO 5C ' JwlpN

509 A(ItJ):A(IJ)*RM(I)
510 CONTINUE

C
C SAVE EQUILIBRATED DATA
C

CO 54e IzltN
CO 548 JuIN

548 AA(IvJ)-A(IJ)
C
C GAUSSIAN ELIMINATION WITH PARTIAL PIVCTING
C

CO 9 M=I,NMI
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SOLV - EFN SCLRCE STATEFENT - IF(S) -

TOPaABS (A(0*,M)

IMAX-M
CO 12 uI'tN

IF(TCP-ABS tAPl•M)))1O,12v12
10 TOP-ABS MAIIM))

IMAX-I
12 CONTINUE

IF(TOP114,13,14
13 ITz-1

C *SINGLLAR*
RETURN

14 IRP(MIuIMAX
23 IFlIMAX-1)29t2•,2S
24 CC 25 J=wlN

TEMPxA(IIJ) ,

A(M,J)=AIIMAXJ)
25 A(IPAXPJ)xTEPP
29 MPIwM41

Cc 11. lamplfN
; EMxA(IsM)1A(ftM)

A(ItfV)mFM
IF(EMI1033931

S31 CC ?2 JsPPI,N

32 AtI J)uAt TJ)-A({,J )EY
33 CONTINLE
99 CONTINUE

IRP(N)wN
IF (AINtN))i2CP113tl20

113 IT'-1
RETURN

120 CONTINUE
C STORAGE FOR A NOW CONTAINS TRIANGULAR L ANC U SC TI-AT (L*I)aU=A
C
C CUPLICATE INTERCHANGES IN DATA
C

CO 229 Iz1,N
IPuIRP(I)I
IFI I-IP)221,229,221

21 CO 222 JoIgN
TEMP=AA(IpJ)
AAI ,J)*AA(IPJ)

222 AAIIPqJ)ITEMP
229 CONTINUE

C
C PROCESS RIGHT HAND SIDE
C

2000 CONTINUE
CO 6C1 ISION

601 B(I)=BI )*RM(I)
CO 609 I=1,NMl

IP-IRP(I)
TEMPsB(I)
8EI)2B{IP)
B(IPI=TEMP

609 CONTINUE
C
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SOLV - EFN SCIRCE STATEPENT - IFh(S)

C SOLVE FOR FIRST APPROXIPATICN TC X
c

199 CO 2C0 I81,N
200 Z( I)=-SDOT(I-1,A(It, l),I'AZtl )tI J))

CO 201 Ksl,N
I-NPI-K

201 X(i)*-SOOT(N-ItA(ltIl)tPAtX(1#1)l)#I-ZII)I/A(ItI)
C

C ITERATIVE IMPROVEMENTc
IF(ITMAX)370,37Ot3C0

300 TOP=0.0
DO 303 I=I,N

303 TOPMAMAXI(TOPAS$(X(I)JI
EPSX=EPS*7TOP
DO 369 IT 1,IT7AX

C FIND RESIDUALS
00 319 1•1,N

319 R(I)=-DOT(NAA(II1),PA•X(I) tl,-B(I))
C FIND INCREMENT

O0 329 ImlN
329 Z( I1=-SOOT(I-1tA(l, 1),WAZ(I1tl-R(I))

O0 339 Ka"IPN
I*NPI-K

339 DX( I--SDOT(N-IA(II1l),tPAD)(ll) lt-Z(I I/A( lPlI
C INCREMENT AND TEST CCNVERGENCE

TOPwC.C
O0 342 Il1,N

TEMP"X I)
X( I )%CAO(X(I) *,DX( 1))
OELX=ABS IX(1,-IEPP)
TOPxAPAXl (TOP tELX)

342 CONTINLE
IF(TOP-EPSX)381,3ei ,369

369 CONTINUE
370 IT=O
381 RETURN

C
C RESTORE A AND 8
C

3000 CONTINUE
GO 109 K1l,N

ImNP l-K
IP=IRPI II
IF(I-IP)7Ci,709,7C1

701 TEMPBB(I)
8(13)-BIP)
B(IP)=TEMP
no 702 JItN

TEMP"AA( IJ)
AA( IJ)NAAIIPJ)

702 AA(IP,J)=TEMP
709 CONTINUE

CO 729 lltN
B(I))B(I )/RM(I)
00 729 J1lN
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SOLV - EFN SCLRCE S7ATEPENT - IFK(S) -

A( IJ)sAA( IJI/R'( I )
729 CONTINUE

RETURN
ENC

$IBFTC LOG CECK

INTEGER FLNCTION ILOG2(Z)
C
C aILOG2* ROLTINE FOR LSE hITH RCUTIKE SCLVE

"C
LOG2*C
IF (Z.NE.C.) GC TO I
RETURN

I ILOG2=AINT(3.?22C.ALOG1(ABSS(Z)))
RETURN
END
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SIBMAP DOT. e4

SDOT AND FRIENDS ROUTINES FOR USE WITH SOLVE
ENTRY DOT (NjA|I),MAB(1)tMBtC) DOUBLE INNER PRODUCT
ENTRY SOOT (NvAIIJMAtB(1)tMBC) INNER PRODUCT
ENTRY ILOG2 (A) FLOATING POINT EXPONENT
ENTRY DAD (A90) ADD WITH ROUND

SNAD MACRU M STORE NEGATIVE OF ADDRESS IN DECREMENT
SUB ZO1OOOO COMPLEMENT IF POSITIVE
ALS 18
STO M
ENOM SNAO

DOT SAVE 1,2,4

STZ S
STZ S+1
CLA* 8,4 c
LDO C41
STO C
CLA. 3t4 N
TZE NONE SKIP LOOP IF N = 0
STrJ N

CLA 4;,4 BASE ADDRESS OF A
PAC #1 XXn-(BASE OF A)
CLA* 594 MA
SNAD MA
CLA 6,4 BASE ADDRESS OF B
PAC 92 X2=-(BASE OF B)
CLA* 7t4 MB
SNAD MB
LXA N,4 X4=N

LOOP LDQ 0,1 All)
FNP 0,2 6 I )

OFAD S
OST S

MA TXI .÷l,1,6* IXI)=lXII+MA
MB TXI *+1,2,** (X2)=(X2)*MB

TIX LOOP,4t, END OF MAIN LOOP
NONE OFAD C
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FRN
RETURN DOT

SDOT SAVE 1,2,4

STZ S
CLA. 894
STO C
CIA. 394
TZE SNONE
STO N
CLA 4,4
PAC 9
(CLA* 594
SNAD SMA

CLA 6t4
PAC 1
CIA* 7,4
SNAO IMBa
LXA N,4

SLOOP LDQ 0,1
FMP 0,2
FA~D S
STO S

SMA TX!
SMB TX! 4,2.

TIX SLOOP94ol
SNONE FAD C

RETL.-.N SDOT

*ILOGZ CAL*. 9

ANA =0377000000000

SUB -0200000QO00000
ARS 27
TRA 1.4

EoAD CLA* 3,4
FAD* 4v4
FRN
TRSA 1,4

EV~EN
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C PZE
PZE

S PZE
PZE

N PZE
*LDIR

*LORG

END

I[
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is ""--...plane of

incidence
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antenna• element n refiector surface

Fig l.Coordinate system for arbitrary Van Atta array.



The paths ABCD and A •C'are cqual.As

2 $r 3 914 •

Fig 3. The specular reflection (mirror efect).

The paths ABC and A'B'C' are equal.
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Fig 4. Square Van Atto reflec~tor with cornducting plote,..-



db
. ,---Sharps experimental results

--- Theoretical, results

20

- '

10

S " 40* *6 Un

Fig.5. Normatized back-scattering cross section
of 16element square Van Atta reflector
with conducting plate.
am0.41-) .d=0.6X., hu0,2 5X, Z=:73ohms,
1z r. v :90"
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